INTRODUCTION
============

Anterior cruciate ligament (ACL) injuries are frequent in active young people and can potentially cause instability and reduce knee function.[@B1] Surgical treatment is recommended when patients complain of instability and to prevent associated injuries.[@B2] This treatment is so widely accepted that approximately 100,000 ACL reconstructions are performed each year in the United States,[@B3] and more than 90% of these surgeries yield good to excellent results.[@B4]

Cournapeau et al.[@B5] showed that much of the costs of ACL reconstruction are related to disposable arthroscopy materials and implants; the high incidence of this procedure consequently raises concerns about its costs. In Brazil, the Unified Health System (Sistema Único de Saúde, SUS) pays R\$ 486.00 for a titanium interference screw (source: personal contact with SUS suppliers, checked against payment receipts on November 29, 2017). Using the data on incidence in the United States as an example (since these data are not available in Brazil), the total cost of using two interference screws in each ACL reconstruction is approximately R\$ 97.2 million per year.

Until recently, the most common technique used in ACL reconstruction was based on tunnel isometry,[@B6] creating the femoral tunnel through the tibial tunnel. However, this technique does not place the graft in the original anatomical position of the ACL.[@B6] ^-^ [@B9] Placing the ACL graft in the original position can restore the original anatomy and biomechanics of the ligament, and this technique has been shown more effective in stabilizing rotational movements of the knee.[@B6] ^,^ [@B8]

This study proposes anatomic reconstruction of the ACL using flexor tendons, creating an outside-in femoral tunnel. In the tibia, a variation of the graft fixation technique uses the principle of suspension with a simple staple, reducing the cost of surgery. The objective of this study is to demonstrate that this technique is simple, reproducible, effective, and involves lower aggregate costs.

MATERIALS AND METHODS
=====================

The study was approved by the institutional review board (record No. 381/11), and all patients signed an informed consent form before inclusion in the study.

Between January 2011 and January 2012, 20 patients agreed to participate in the study. Inclusion criteria were patients between 18 and 45 years old with ACL injuries treated at the authors' outpatient clinic. Patients were excluded if they had arthritis, previous surgery, deformity, or associated injuries to other ligaments in the affected knee, or any injury to the other knee.

Surgical Technique: After spinal anesthesia, the semitendinosus and gracilis tendons were removed using the standard technique. Arthroscopy is then performed, and associated injuries are treated if necessary. Next, with the knee at 90º flexion, the standard tibial guide for ACL reconstruction was positioned in the center of the remaining tibial ligament through a medial portal at a 55º angle, and a guide wire inserted. A tunnel measuring 8 to 9 mm (according to the thickness of the graft) was then drilled. After this, with the knee remaining at 90º flexion, the camera was inserted through the medial portal and the same standard ACL tibial guide was inserted through the lateral portal to create the femoral tunnel in an outward-to-inward direction. ([Figures 1](#f1){ref-type="fig"} and [2](#f2){ref-type="fig"}) The guide was held at a 60º angle; the entry is approximately 2 cm proximal and 2 cm anterior to the lateral epicondyle of the femur, as described by Lubowitz et al.[@B10] Next, a guide wire was introduced and a tunnel created with the same diameter as the one in the tibia. The graft was passed from the femur to the tibia, with the fold facing downward, and subsequently attached to the tibia using the suspension technique at the tunnel exit and a simple, smooth staple. Note that the staple does not compress the graft against the bone, but only fixates the suspension. ([Figure 3](#f3){ref-type="fig"}) Traction was then exerted on the graft with the knee at 30° flexion (to "pull" the tibia and reduce the anterior draw), ([Figure 4](#f4){ref-type="fig"}) and the graft was then attached to the femur with an interference screw from the outside in.

Figure 1Tibial guide for the ACL, placed through the anterolateral portal to create the outside-in anatomic femoral tunnel (A). Intra-articular view (B). Right knee.

Figure 2Femoral guide wire placed using the outside-in technique (A). Femoral and tibial tunnels - arthroscopic view (B). Left knee.

Figure 3Postoperative X-rays: (A) AP and (B) lateral views showing tibial fixation with staple (right knee).

Figure 4Illustration showing tibial fixation of the graft with a staple (inverted graft and suspension technique) in a right knee. Graft traction (\*) and reduction of anterior draw (\*\*).

Standard rehabilitation protocol was used in all patients, with immediate therapy recommended. Partial load with crutches was permitted for 10 to 15 days after surgery, and patients were evaluated at 10 days. Pain, knee-related symptoms, physiotherapy protocol, range of motion, stability (anterior drawer test, pivot shift, Lachman, valgus and varus), meniscal symptoms, limb alignment, and overall function were evaluated monthly.

Subjective IKDC (International Knee Documentation Committee) and Lysholm questionnaires were applied during the pre-operative period and at 3, 6, and 12 months post-surgery, and scores were calculated and recorded.

Multivariate analysis of variance was used for the repeated measurement model, along with Bonferroni's multiple comparison test,[@B11] considering 5% significance.

RESULTS
=======

Mean patient age was 29.95 years, and the sample was composed of 17 men and 3 women. A total of 12 right knees and 8 left knees were included. Associated injuries were as follows: 14 cases of medial meniscal injury, 7 lateral meniscus injuries, 7 patients with chondral injury, and 3 with isolated ACL injury. ([Table 1](#t1){ref-type="table"})

Table 1Age, sex, side, and associated injuries for each patient.PatientAgeSexSideAssociated injuries118MRMM220MRMM + LM + Chondral319MRMM + Chondral435MLMM + LM + Chondral540MRMM621MLChondral742MLMM + Chondral830FRLM931MR1035MLMM + LM + Chondral1145MLMM1223FL1334MRMM + LM1417MLMM + Chondral1534MRLM1625FRMM1736MR1843MLMM + LM1921MRMM2030MRMM

Three patients (15%) were lost to follow-up (two prior to 3 months post-procedure and 1 after 3 months). The data for these patients were excluded.

The results (scores) for the IKDC and Lysholm questionnaires at 0, 3, 6, and 12 months are shown in [Tables 2](#t2){ref-type="table"} and [3](#t3){ref-type="table"}. The results showed significant improvement over time (p\<0.001).

Table 2IKDC questionnaire scores (mean and standard deviation) according to evaluation time.Evaluation TimePre-op3 m post-op6 m post-op12 m post-opPIKDC41.65 (4.74)58.65 (3.11)86.94 (2.08)90.88 (2.30)p\<0.001

Table 3Lysholm questionnaire scores (mean and standard deviation) according to evaluation time.Evaluation TimePre-op3 m post-op6 m post-op12 m post-opPLysholm63.00 (5.75)80.26 (7.87)90.89 (5.14)94.61 (2.79)p\<0.001

In terms of complications, two patients had limited extension (3º and 5º) compared with the normal side. However, this limitation did not compromise results during the evaluation period.

All patients returned to their pre-injury activity levels without major complaints such as pain, instability, insecurity, or muscle deficit. No patient had graft rupture as of the time of the last evaluation.

DISCUSSION
==========

During the first 4 weeks after ACL reconstruction, graft fixation is the weak link, and bone density plays an important role in this factor.[@B12] Because its bone is spongy and denser than the tibia, fixation of the femur generally presents greater resistance.[@B13] Additionally, femoral fixation may be transverse or suspension-type, both of which are more resistant than the techniques more commonly used in the tibia, which in turn mostly involve compression with interference screws.[@B14] ^,^ [@B15] This weakness can be compensated by fixation using suspension in the tibia, thus increasing resistance of the fixation in the immediate postoperative period, which is essential for safe rehabilitation and to allow the graft to integrate. This study demonstrated that this is possible using simple fixation material.

The technique described was possible because of the inverted folds in the graft, placing it within the tibial tunnel. This option was first described by Howell and Taylor,[@B16] but even though these authors also used simple fixation materials, they described a more laborious type of graft fixation.

During anatomic reconstruction of the ACL, the femoral tunnel can be created by either the medial or medial accessory portals (transportal technique) or from the outside in.[@B7] ^,^ [@B9] ^,^ [@B17] ^-^ [@B20] Cadaver studies have shown both techniques to be biomechanically similar.[@B7] ^,^ [@B8] ^,^ [@B18] ^,^ [@B19] For the transportal technique, the tunnel must be created with the knee at approximately 110º flexion, and the medial femoral condyle should be protected to prevent a short tunnel and chondral injury.[@B17] The outside-in technique has the advantage of better accuracy in positioning, with less risk of rupturing the posterior cortex of the femur (blow-out).[@B7] ^,^ [@B8] ^,^ [@B17] ^,^ [@B20] The disadvantage of this technique is cosmetic, the need for an additional yet small incision.[@B7] ^,^ [@B17] The outside-in technique was selected in this study, and none of the patients complained of the extra scar.

Another important technical detail is that the graft is first fixed to the tibia. It is then pulled, and finally secured to the femur. The advantage is reduction of anterior draw without the need for other maneuvers, because the graft transmits the traction and pulls the tibia. ([Figure 4](#f4){ref-type="fig"}) This fixation sequence is theoretically more logical and biomechanically superior. However, this superiority must be confirmed through future biomechanical studies.

Cost of the procedure is an important factor due to the high incidence of this type of surgery. The most common fixation method in the Brazilian public health system (SUS) utilizes titanium interference screws (one for the tibia and another for the femur). SUS pays R\$ 486.00 for each of these screws, and R\$ 25.00 for a simple, smooth staple; as a result, replacing one of these screws with a staple saves R\$ 461.00 per surgery. This practice reduces the final cost of the procedure and contributes to the country's economy.

Limitations
-----------

First, even though one year is a short follow-up period, the main objective of this study was to prove that the technique is easy and effective, with good to excellent results. Although the sample size was small, the results showed significant improvement over time. Another weak point is the absence of a control group. Sample size was also not calculated. Objective results were not presented, but all patients who completed the follow-up returned to their pre-injury activities without pain, instability, or graft rupture, and none required additional surgery.

CONCLUSIONS
===========

The proposed technique for anatomic ACL reconstruction, using an inverted autologous quadruple flexor tendon graft with the fold within the tibial tunnel fixed with the suspension technique and a staple, and an anatomic femoral tunnel created with the outside-to-inside technique, showed good to excellent results in this series of 20 cases, with lower material costs. Additionally, this technique can be reproduced with common materials available for ACL surgery.
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[^1]: All authors declare no potential conflict of interest related to this article.

[^2]: **AUTHORS' CONTRIBUTIONS:** Each author made significant individual contributions to this manuscript. MVD (0000-0001-7547-7557)\*: was the lead author, performed most of the surgeries, and drafted and revised the manuscript. JPFG (0000-0002-2026-9176)\*: performed some of the surgeries and assisting in drafting the article. AOQ (0000-0003-2808-7892)\*: performed some surgeries, and CRP (0000-0002-7719-9682)\*: contributed to the statistics. All authors contributed to the intellectual concept of the study and approved the final version of the manuscript. \*ORCID (Open Researcher and Contributor ID).
